Background: Integrin signalling is involved in cell migration, invasion, proliferation and motility. Integrin α5/ITGA5 is a subunit of Integrin and contributes to the activation of Integrin signalling. The potential role of Integrin α5/ITGA5 in oral squamous cancer remains unknown. The aim of this study was to uncover the effect and mechanism of Integrin α5/ ITGA5 in the progression of oral squamous carcinoma. Method: TCGA database scanning, qRT-PCR, immunohistochemistry and Western blotting assays were used to detect the expression of Integrin α5/ITGA5 in tissues and cell lines. We established stable Integrin α5/ITGA5 overexpressing and Integrin α5/ITGA5 knockdown cell lines. We investigated the biological function and the underlying mechanism of Integrin α5/ ITGA5 through a series of experiments. Results: Integrin α5/ITGA5 was upregulated in cancer tissue, and its levels negatively correlated with the overall survival (OS) of patients. Integrin α5/ITGA5 promoted proliferation, migration and invasion in an oral squamous carcinoma cell line by EMT (epithelialmesenchymal transition). Conclusion: Integrin α5/ITGA5 promotes the proliferation, migration and invasion of oral squamous carcinoma.
Introduction
Oral squamous cell carcinoma (OSCC) is the most common type of cancer worldwide. 1 OSCC is associated with poor prognosis and high morbidity when diagnosed at advanced stages, and it is considered to be a very immunosuppressive cancer. 2 Despite advances in radiotherapy and surgical therapy, patients with late-stage OSCC still suffer from metastasis and recurrence (Sharan et al, 2017; Cohen et al, 2009 ). 3, 4 Several biomarkers and therapeutic targets for OSCC have been demonstrated previously and may be useful for the diagnosis and prognosis of oral cancer in the future. [5] [6] [7] [8] [9] Therefore, efforts are still needed to develop effective targeted therapies for OSCC.
Integrins are a family of transmembrane receptors; they form heterodimeric complexes composed of α and β subunits. [10] [11] [12] [13] The 18α and 8β subunits are members of approximately 24 different Integrin receptors, each of which is capable of binding to specific ligands. They function in specific signal transduction pathways and in cell-cell adhesion and the adhesion between cells and the ECM. 14 Integrin signalling may be involved in proliferation, invasion and migration. 15 Integrin subunit α5 (ITGA5) often combines with ITGB1 to form Integrin α5β1, which serves as a receptor for cell differentiation, cell development and migration. 16, 17 The emergence of Integrin α5β1 expression was found to be associated with tumour progression in lung cancer. 18 In this study, we detected the expression levels of Integrin α5/ ITGA5 in tissue and cell lines by qRT-PCR, immunohistochemistry and Western blotting and uncovered its biological function through a series of experiments.
Materials And Methods

Tissue Samples
All human tissues were obtained from the surgical suite in the Department of Stomatology at the First Affiliated Hospital of Sun Yat-sen University after identification by a pathologist. Tissues were obtained with the patients' written and informed consent under a protocol approved by the institution's Institutional Review Board. A total of 105 samples were taken. All the samples were taken from tongue.
Immunohistochemistry
Immunohistochemical analysis was performed to measure the level of Integrin α5/ITGA5. In brief, slides were rehydrated and blocked, and 7 slides were incubated with primary anti-Integrin α5/ITGA5 (1:100 dilution, Abcam) overnight at 4°C. After washing, slides were incubated with an anti-rabbit antibody conjugated to peroxidase streptavidin. A positive signal was detected with DAB (3,3ʹ-diaminobenzidine).
Cell Culture
The 
Western Blot Assay
Equal amounts of protein extracts were separated via 12% SDS-PAGE and transferred to a polyvinylidene fluoride membrane (Millipore, Billerica, MA, USA). After the membrane was blocked, a primary antibody (ITGA5 CST98204 PCNA CST13110 N-cad CST13116 E-cad CST14472 Vimentin CST5741 Snail CST3879 β-actin CST3700) was added for an overnight incubation at 4°C. Finally, the membrane was incubated with its respective horseradish peroxidase-conjugated secondary antibody (KPL 27856 27857) for 1 hr. The protein bands of interest were visualized using enhanced chemiluminescence reagents (Millipore, Burlington, MA, USA).
Colony Formation Assay
To measure colony formation, 2000 cells/well were seeded and incubated for 14 days to allow the formation of colonies. The colonies were fixed using methanol and stained with 0.1% crystal violet for 10 mins. The number of colony was counted through ImageJ.
Cell Counting Kit-8 (CCK-8) Assay
The indicated cells were seeded into 96-well plates at a density of 2×10 3 cells per well. Cell viability was determined using a CCK-8 assay (Dojindo, Kumamoto, Japan) every 24 hrs and by measuring absorbance at 450 nm following the manufacturer's instructions.
Lentiviral Production And Stable Cell Line Construction
Lentiviral vectors expressing an shRNA or Integrin α5/ ITGA5 (biochemistry Shanghai) were co-transfected with packaging vectors psPAX2 and pMD2G (Addgene) into HEK293FT cells for lentivirus production; the transfection was performed using Lipofectamine 3000 in accordance with the manufacturer's instructions. To establish stable cell lines, cells were infected with lentiviruses as described above. After incubating for 72 hrs, cells were selected with 2 μg/mL puromycin treatment for 3 days. shRNA-1 target sequence AACAGAAAATAAAACAGA, shRNA-2 target sequence ACGAACCTCTTCTGTGATGGA.
Trans-Well Assay
Migration and invasion were assessed using trans-well plates. For the invasion assay, 5×10 4 cells were resuspended in 250 μL of plain medium without any FBS in the upper chamber (8-μm pore size, Costar, Corning, NY, USA) while the lower chamber was filled with 0.75 mL of complete medium with 10% FBS. After incubating for 2 days at the incubator, the upper chamber was fixed with 100% methanol and stained with 0.1% crystal violet. For the migration assay, 5×10 4 cells were plated on chambers. The transmembrane cells were estimated under a microscope (Nikon, Tokyo, Japan) at 200× magnification.
Wound Healing Assay
We applied wound healing assay to detect the migration ability of cells. We seeded 1×10 5 cells per well into the 6-well plate. After, the cells meet the 100% density. Equal wound was made, after incubating for certain time. The relative width was measured through ImageJ.
Edu Assay
Transfected cells were seeded into 96-well plates at a density of 500 cells per well, After incubating for 24 hrs.
Edu was applied according to the manufactory's protocol (Raybio 251453). Images were taken from Olympus FV100 microscopy with red light of fluorescence. All images were taken in 200× magnification, the percentage of Edu + cells were calculated by the confocal automatically.
Statistical Analysis
Statistical analyses were performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). Data are presented as the mean±SD. The chi-squared test was used to analyse clinicopathological characteristics. Comparisons between two groups were evaluated using a Student's t-test. Differences among the groups were tested using a one-way ANOVA. All experiments were repeated at least three times. A P-value <0.05 was considered statistically significant.
Results
ITGA5 Is Upregulated In OSCC
We scanned the TCGA database (519 OSCC tumours and 44 normal tissues) and identified ITGA5 as one of the most dysregulated genes between the two tissue types. To verify the results, we detected the mRNA level of ITGA5 in 105 OSCC tumours and paired normal tissues from the Department of Stomatology of the First Affiliated Hospital of Sun Yat-sen University by qRT-PCR. ITGA5 was upregulated in OSCC tumours from both the TCGA database and our own database (p<0.001) ( Figure 1A and B) . We further analysed the relationship between ITGA5 and clinical stages. Patients with an advanced stage harbour higher levels of ITGA5 than those patients at earlier stages ( Figure 1C ). To further confirm the results, we collected 10 paired tumour and normal tissues and used Western blotting to detect the protein levels of ITGA5. Corresponding to the mRNA level, the protein level of ITGA5 in tumours was higher than it was in normal tissues in 8 of 10 patients, as shown in Figure 1D .
ITGA5 Is Correlated With OSCC Prognosis
We have proven that ITGA5 is upregulated in OSCC tissue. To uncover the relationship between ITGA5 and prognosis, we applied an IHC assay to detect the protein level of ITGA5 and analysed the IHC score. A representative image is shown in Figure 2A . The IHC score was higher in cancer tissue than it was in normal tissue ( Figure 2B) . We divided the patients into two groups. Both the TCGA database and our own database showed that patients with higher levels of ITGA5 had shorter overall survival times. Taken together, these data show that ITGA5 was negatively correlated with prognosis ( Figure 2C) , the characteristics of patients are shown in Table 1 .
Stable Cell Lines Were Successfully Constructed
To explore the biological function of ITGA5, we detected its mRNA levels in OSCC cell lines and found that OSCC cell lines harbour higher levels of ITGA5 than normal epithelium cells. Among the OSCC cell lines, UM1 had the highest level of ITGA5, while UM2 had the lowest level of ITGA5 ( Figure 3A) . Using UM1 cells, we established a stable knockdown cell line, and using UM2 cells we generated stable ITGA5-overexpressing cells. The mRNA and protein levels of ITGA5 in different cell lines were detected through qRT-PCR and Western blot experiments ( Figure 3B and C).
ITGA5 Promotes The Proliferation Of OSCC
To uncover the biological function of ITGA5 in OSCC, we used the CCK-8 assay, the colony formation assay and the EdU assay. The results showed that all the cells with higher levels of ITGA5 showed higher proliferation rates in both the UM1 and UM2 cell lines in the CCK-8 assay and the colony formation assay (Figure 4A-C) . DZIP1-overexpressing cells harbour a high percentage of EdUpositive cells, while DZIP1-knockdown cells harbour a low percentage of Edu-positive cells ( Figure 4D and E) . Taken together, these results show that DZIP1 promotes the proliferation of OSCC in both short and long time periods.
ITGA5 Promotes The Migration And Invasion Of OSCC
Recurrence and metastasis are two major factors responsible for OSCC-related death. We applied the wound healing assay, trans-well assay and invasion chamber assay to analyse the migration and invasion abilities of the cells described above. The cells with higher levels of ITGA5 migrated and invaded more easily than those with low ITGA5 levels. The wound healing assay showed greater motility of the UM1 control cells and UM2-OV cells than the other cells tested ( Figure 5A and B). Cells with higher levels of ITGA5 migrate and invade more easily than other cells ( Figure 5C and D).
ITGA5 Promotes The EMT Of OSCC
We have proven that ITGA5 serves as an oncogene and promotes the progression of OSCC by promoting proliferation, migration and invasion. EMT is an important process reflecting the invasive status of cancer cells. We detected EMT markers in the cell line described above. Mesenchymal markers such as N-cadherin, Vimentin and Snail were increased in cells with higher levels of ITGA5, but epithelial markers such as E-cadherin decreased at both the protein and mRNA levels, which corresponded to the former results ( Figure 6A and B) .
Discussion
OSCC is the most common malignancy in the Department of Stomatology, and current therapy is still surgical operation with adjuvant chemotherapy and radiotherapy. However, the overall survival time is unsatisfactory, and more biomarkers and therapeutic targets are needed.
We scanned the TCGA database and identified ITGA5 as one of the most dysregulated genes in OSCC. To verify that observation, we examined ITGA5 levels in 105 cancer tissues and paired normal tissues and assessed its correlation with prognosis. The results showed that ITGA5 was upregulated in cancer tissue and was negatively correlated with prognosis. To uncover the biological function of ITGA5 (specifically in proliferation and migration), we next measured the levels of ITGA5 and established stable knockdown and overexpression cell lines. The results showed that cells with higher levels of ITGA5 had higher proliferation, migration and invasion abilities compared to cells with lower ITGA5 levels. We next detected EMT markers and found that mesenchymal markers increased, while epithelial markers decreased with ITGA5 overexpression. ITGA5 is a member of the Integrin family. Other family members, such as ITGA1/3, were reported to be upregulated in cancers and were correlated with cancer prognosis in cancers such as prostate cancer and breast cancer. 19, 20 Some research has suggested that ITGA5 is a potential biomarker in lung cancer. However, the biological function and underlying mechanisms of ITGA5 remain unclear. Integrin was reported to exert its function through various mechanisms. Wu showed that Integrin promotes invasion and metastasis via the PI3K and MAPK pathways. 21 Integrin was able to promote the activation of the IL-1α pathway in both autocrine and paracrine manners. 22 Integrin was reported to engage in the remodelling of the extracellular matrix and cell-cell adhesion in leukaemia. 23 Studies have shown that
Integrin promotes the production of reactive oxygen species (ROS), which protect cancer cells from apoptosis. 24 Drugs or targeting chemicals were applied for high ROS levels and were recently reported as potential therapeutic targets. 25 Taken together, these findings may provide insights into a potential therapeutic target in the future.
Conclusion
Integrin α5/ITGA5 promotes the proliferation, migration and invasion of oral squamous carcinoma by promoting EMT and may be a potential biomarker in the future.
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